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Chapter 4  Inducement of different tissues in red sea 



























用。其中细胞色素 P450(简称为 CYP450 或 P450)是整个酶系中的末
端氧化酶，在整个酶系功能中起着关键作用。在鱼类方面主要研究
的是 CYP1A，CYP1A 基因普遍存在于所检测的鱼类中。CYP1A 的
诱导已被作为鱼类暴露于 PAHs、PCB、二噁英以及相关化合物的早
期预警信号及高度敏感的生物反应。在对水生系统污染监测中，诱
导鱼类 CYP1A1 基因已经被认定为一种灵敏的早期预警的方法。  
本文根据国外已发表野生真鲷（Pagrus major）肝 CYP cDNA
序列，设计合成两对引物（S1、A1，S2、A1），分两步扩增我国海
水养殖真鲷 P4501A 基因。提取真鲷肝总 RNA 并以此为模板，利用
反转录—聚合酶链式反应（RT-PCR）和重叠 PCR 方法首先克隆获
得了我国养殖真鲷 P4501A 全长 cDNA 序列；真鲷肝 P4501A cDNA
序列编码区长度为 1584bp，阅读框编码 519 个氨基酸，分子量约为
60KDa。与已发表的野生真鲷 CYP1A 序列比较，其核苷酸序列同源
性约为 93％，氨基酸序列同源性大于 90％。 
将连有目的片段 P4501A 的质粒与原核表达载体 pTrc－CKS 分
别用 BamHⅠ、XbaⅠ酶切处理，回收纯化后，连接构建重组载体，
转化克隆 E.coliER1647，经酶切及 PCR 鉴定为阳性克隆后进一步测
序鉴定，成功构建重组载体 CKS－CYP1A。提取重组质粒 CKS－














导表达，SDS-PAGE 电泳分析，在近 89kDa 处出现了明显的表达带，
其大小与预计分子量相当，Western blot 鉴定为 CYP1A 基因表达的
目的蛋白。 
通过 Northern blot 成功检测了在 BaP 染毒诱导下真鲷肝、鳃、
脾 CYP1A 表达水平和 BaP 染毒诱导下真鲷鳃、脾 CYP1A 在不同时
间的表达水平。经 BaP 诱导，真鲷脾中 CYP1A 表达水平相对较低，
肝和鳃中 CYP1A 表达水平相对较高。另外在 BaP 诱导 24 小时以内，
CYP1A 表达水平随着时间的升高而升高。特别是鳃中 CYP1A 的诱
导变化较为明显，BaP 在不同浓度、不同时间条件下，可以诱导鳃
CYP1A mRNA 呈现不同的表达变化，预示着通过检测 CYP1A 
mRNA 水平可以预测 BaP 的毒性浓度和作用时间。 
本研究为进一步揭示有机污染物的毒性效应机制和进一步探讨
P450 酶作为毒性效应的生物标志物奠定基础。 















The cytochrome P450 detoxification system is an extensively 
studied enzyme system and has been found in bacteria, plants, and 
animals. It is involved in the metabolism of compounds such as steroids, 
prostaglandins, eicosanoids, drugs,and xenobiotics. The most intensively 
studied cytochrome P450 protein in fish is arguably cytochrome P4501A 
(CYP1A). CYP1A gene has been identified in most fish species 
examined.Its gene is highly inducible by polyaromatic hydrocarbons 
(PAH’s), polychlorinated biphenyls (PCB’s), furans and dioxins. In 
monitoring contamination in aquatic systems, induction of the 
cytochrome P450 1A1 (CYP1A1 ) gene of fish has been evaluated as a 
sensitive, ‘early warning’ method. 
According to the published sequence of CYP1AcDNA by 
Y.Mizukami et.al, pairs of specific primers were designed.Total RNA 
was isolated from the liver of a red sea bream(Pagrus major). CYP1A 
gene was amplified by RT-PCR,cloned by T-A ligation with T-vector 
and identified by sequencing.The CYP1AcDNA consists of 1548 
nucleotides,the reading frame encodes 519 amimo acid with a 
calculated molecular weight of 60kDa.The identity between the 
deduced amino acid sequence of CYP1AcDNA and reported by 
Y.Mizukami is about 90%. 
Then, The PCR product and the prokaryotic expression vector 
pTrc－CKS were digested by the restriction enzyme of BamHⅠand 
XbaⅠ.The recombinant expression plasimids were constructed by 














The recombinant expression plasimid CKS-CYP1A was successfully 
constructed. Then the recombinated plasimid was transformed into 
E.coli TOP10F’. CKS-CYP1A in E.coli TOP10F’ was induced by IPTG 
and the special protein (about 89 kDa) was detected by SDS-PAGE.It 
was identified by western blot.  
CYP1A expression in the liver、gill and spleen of red sea bream 
was determined by Northern blot.By Northern blot,the expression of 
CYP1A of control was very low,but the expression of CYP1A of tissues 
treated with BaP was higher.After treated with BaP, the expression of 
CYP1A of liver and gill was higher than the expression of CYP1A in 
spleen,and within 24 hours the expression of CYP1A was more and 
more higher along with the time.Especially the expression of CYP1A in 
gill is more evident. 
This study is a basis of further researching the toxicity effect 
mechanism of organic contamination and further discussing cytochrome 
P450 as the biomarker of toxicity effect. 








































细胞色素 P450(简称为 CYP450 或 P450)是整个酶系中的末端氧
化酶，它不仅负责活化氧分子，同时负责与底物结合，并决定酶系
底物的专一性，在整个酶系功能中起着关键的作用。近年来，每年































生物反应，而且 CYP1A 的诱导与毒性终点有相关性[6]。鱼类 CYP1A
的表达是转录水平上的调节，已有人探索在 mRNA、蛋白和代谢活
性相关的 EROD 等水平上进行量化用于早期生物标记物的研究 [7] 
[8]。有研究报道，半成年期英国鳎鱼流行的非肿瘤肝病变与 PAH 暴
露（胆汁 FACs 和肝 DNA 加合物）和 CYP1A 催化活性显著相关[9]；
CYP1A 的表达水平与沉积物 PAH 水平显著一致[10]。 另有其它试验
用胆汁 FACs 和 32P 后标记法进一步验证了 Hudson River 中大西洋









野生真鲷（Pagrus major）肝 CYP cDNA 序列，设计引物。利用克
















P4501A 的表达载体，表达出 P4501A 酶蛋白。为今后制备免疫抗体，
建立免疫组化方法，为进一步揭示有机污染物的毒性效应机制和进













真鲷 P450 酶基因的克隆、表达及其 B(a)P 的毒性响应 
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第一节  细胞色素 P450 酶的研究进展 



















达、调控方面，正成为人们研究的热点  [16] [17] [18]。 
2 P450酶 
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